Abstract. Estimating the high tuber solids needs a simulation system on potato growth, and its development should be obtained by using agricultural elements which analyze the relationship between crop growth and agricultural factors. An accurate simulation to predict solids level against climatic change employs a calculation of in vivo energy consumption and bias for growth and induction shape in a slight environmental adaptation. So, to calculate in vivo energy consumption, this study took a concept of estimate of the amount of basal metabolism in each tuber. In the validation experiments, the results of measuring solid accumulation of potatoes , of the effective growth period.
Introduction
Potato (Solanum tuberosum L.) is an important vegetable crop in Korea and is sold for fresh market and processing. It is a cool season crop and in Korea is generally grown through the months of spring and harvested in early summer. It is an intensively managed crop that requires large amounts of nutrients and water. And its yields are dependent on variety, planting date, weather conditions, production practices and harvest date.
Studies on simulation of crop growth processes began in 1960s along with the application in ecology of system analysis methodology and computer technology. Developments of the application in potato research to use more and more sophisticated simulations to evaluate complex situations that cannot be analyzed directly with other means except agricultural factors (Mazaheri et al., 2005; Spitters, 1990; Stastana and Dufkova, 2008) . Their purposes were to provide information on crop development stage, irrigation timing and amount, nitrogen fertilizer requirements and timing, and expected time to harvest (NICS, 2005) .
To simulate solids level in growth phase is coupled with comprehensive crop phenology in response to environmental factors especially related atmospheric processes such as temperature and humidity. The progress of dynamic crop growth models needs considerably improved analytic solution of problems in crop sciences. The simulation model, in this study, is valid outside conditions for which it was originally calibrated due to results of measuring solid accumulation of potato harvested. So this study not only can enhance the understanding of the relationships between the crop and surrounding environmental factors, but also can promote the field potato production with high tuber solids.
Materials and Methods
Required input data for simulation modeling calibration and evaluation were collected at 8 experimental fields in Korea: Inje, Jeongseon, Yeoju, Dangjin, Gumi, Gimje, Namji, and Boseong. The calibration and evaluation process proceed on followed subsequent stages as data collection of the experimental data, calibration of simulating results, assessment Fig. 1 . Schematic of the calculation of potato growth model based on works by Kooman (1995) , Spitters (1990) , and Jung and Suh (2010) .
of the possibilities and limitations. Various types of input data including the weather data set and field management data were obtained from field measurement and analysis as the follows.
Mathematical Model Description
To calculate the accumulation and partitioning of biomass and the phenological development of a potato crop, a mathematical model is described by environmental factors such as solar radiation quantity, temperature, photon quantity, water stress and loss, and wind etc. The schematic model is shown in Fig. 1 on potato growth and its development should be obtained by using agricultural elements. The model has contemplated the timing, rate and duration of tuber initiation. It, in the eq. 1, is inducted from crop emergence to maturity and is carried out in time steps of . The eq. 1 employs both potato growth under optimal nutrient and water supply, taking into account the climatic conditions, and growth without irrigation, also considering the amount of available soil water. Maintenance requirements of a potato crop, calculated as a function of crop weight and chemical composition, are subtracted from daily gross assimilation. The remaining assimilates are allocated to the different crop organs. All plant entities, in the Fig. 1 , are expressed on a per plant basis. The eq. 1 contains the state variables metabolism and assimilate pool, leaf, stem, root, and tuber for organ populations. The dry matter (∆ ) is built around the following basic growth equation: The amount of photosynthesis (∆) follows prior works (Biemond and Vos, 1992; Hajirezaei et al., 2000; Katny et al., 2005) as given in eq. 3. The interception of radiation follows a De Beer's law function (eq. 4). PAI stands for plant area index and GR is the total daily incoming global radiation. The eq. 5 for computing plant area index takes both concepts a dry matter of stems and a dry matter of conversion factor. To consider differing productivities of leaves of a different age and leaf senescence, the leaf biomass of a day is no longer influenced by a conversion factor in this concept.
Energy Loss Description
The eq. 6 describes the energy loss in the growth of a potato crop. It is a matter of primary consideration for tuber initiation which is an instantaneous event, like emergence, rather than a distinct growth stage. The growth and partitioning before and just after emergence is modeled differently than during later crop growth. As long as the energy of induction is smaller than   the contribution energy loss is taken from the tuber and allocated to the different plant organs by applying the same inducting shape as before harvesting.
Data Acquisition for Simulation
For application of the model, data that specify potato growth, phenological development and assimilate allocation are required. In shown Tables 1 and 2 , regarding factors consisting of site specific, environmental specific and crop specific parameters are stored in files, which also contain the eventually measured data series. Daily temperatures, humidity, precipitation, wind, and solar radiation are required for the simulation to calculate assimilation levels of tuber solids. To calculate the level of tuber solids, historical and generated sets of daily weather data of experimental fields over a period of last 5 years (2006) (2007) (2008) (2009) (2010) were used. The using tools for collecting weather data are thermometers (TX-500 and SK-1250), a sunshine recorder (Jordan Sunshine Recorder), a weather observatory system (WXT510), and Karl Fischer method(KP VIII [26] Water Determination) to measuring solids concentration.
Results
Simulation was calibrated and tested against the results from a number of validation experiments and modeling trials in 8 experimental fields in Inje, Jeongseon, Yeoju, Dangjin, Gumi, Gimje, Namji, and Boseong. For analysis of the possible Table 2 . Mean value of agricultural environment factors in each regional field on farming days for the last 5 years (2006) (2007) (2008) (2009) (2010) ) and RUE (Radiation Use Efficiency; subject to 400-700 nm; Sinclair and Muchow, 1999) in each regional field on farming days for the last 2 years (2009) (2010) effects of climate change, tuber production of calculated high tuber solids to separately changed values of weather variables was determined. The collection of weather data during the growth period of the last 5 years, 2006-2010, was carried out (Table 2) . A cropping type was spring in experimental fields. In Boseong and Namji, there were a bit of fast cropping season at the early spring in shown Table 2 . The early spring cropping type in Boseong and Namji is probably due to high soil temperature levels in winter which was the case in Boseong and the resulting capillary rise, which were not taken into account in these analyses. Tuber production was considerably increased with the amount of radiation of ≥ 500 (Table 3 and Fig. 2 ) when no calculation of in vivo energy loss in amount of photosynthesis (∆) was applied (in eq. 2). The radiation use efficiency (RUE; Sinclair and Muchow, 1999 ) to a potato crop was rather limited, owing to its relatively intercepted radiation and photo quality (Table 3) . It indicates that the simulated assimilation level can be attained on the concepts of using metabolic energy for inducted and phonological development. However, unknown factors resulted in a lower observed mean tuber solids level and a larger amount of solids variability on energy loss concepts than on no energy loss and in a difference between simulated measured tuber solids. Individually or in combination, the unknown factors seem to be a bias influenced by the agricultural environmental variables temperature, humidity, wind, and photoperiod in a day (Santhosh Mithra and Somasundaram, 2008; Sinclair and Muchow, 1999) .
The results of measuring solids, for different varieties (Atlantic and Dubaek) during the last 5 years in shown Table 2 ) and, thus, in a higher tuber solids, but only if no unusually cold temperatures worked. Cumulative solids had a maximum close to that for the present biomass regime, which was mainly due to the duration of sunshine, above 190 hours per a month, and the cumulative amount of radiation, above 2,200 MJ･m -2 , of the effective growth period.
Discussion
The emphasis in a simulation systems approach is to develop targeted information for influencing the most relevant decisions in the system of interest. This concept is relevant across the wide range of scales and issues associated with cropping systems. The simulation model had limited cropping types of spring and early spring (Table 2) in the description of growth processes. Hence, the number of agricultural factors relations that needed to be tested, the number of equations that needed calibration to site-specific conditions, and the required data base of inputs were more limited than in the simulation model (Santhosh Mithra and Somasundaram, 2008) . The simulated results, in Table 4 , with concept of in vivo energy loss are advantageous to higher regime of tuber solids in regional-scale studies (Jung and Suh, 2010) . In a more detailed calculation, the growth processes, the responses of these processes to changes in agroecological conditions, and the interactions between these responses are needed verifications in a more mechanistic way. The growth processes of potato in Fig. 1 consist of growth rate, growth respiration, maintenance respiration, and energy loss (Jung and Suh, 2010; Kooman, 1995; Spitters, 1990) . The comparison of the results from the levels of tuber solids indicated the differences in their metabolism approaches and the sort of environmental conditions in which the simulated results differed and may become less reliable in except for in vivo energy loss (comparing with Table 4 and Fig. 2) .
A major issue for all sectors of the potato industry is predicting the tuber solids level of potato crop. Results from the simulation model were compared with results from potato experiments at 8 regional fields. The average tuber solids level and the inter-annual variation in tuber solids depending on cropping conditions were predicated well by simulation model (Table 4 and Fig. 2 ). Data on biomass production, assimilate distribution between crop organs. A lower biomass and results also showed that average solids level and inter-annual solids level variation of the average of both varieties were almost identical to average and variation of the variety. The difference between the simulated and observed levels of tuber solids was considerable for the early spring and spring cropping production. The relationship between agricultural environment and crop growth is complicated, since a large number of climate factors, environment factors, and crop characteristics are involved. In addition, crop growth mainly appears to respond to changing conditions in a non-linear way (Nonhebel, 1994) . This indicated that tuber yields on cumulative tuber solids were limited by water condition, especially in the early shoot growth stage, and also a few water-stressed yields from simulation were sometimes too high in Boseong and Gimje.
The sensitivity of computing tuber solids to systematic changes in agricultural climate was calculated with the simulation model for high tuber solids. These climate effects that were largely determined by in vivo energy loss approaches, were already discussed in the agricultural factors (Jung and Suh, 2010; Santhosh Mithra and Somasundaram, 2008; Sinclair and Muchow, 1999) . No water stressed tuber production from the simulation model considerably increased with increases in both solar radiation and atmospheric condition such as CO 2 concentration and had its optimum at present temperatures in each regional fields (Mazaheri et al., 2005; Nonhebel, 1996) . The simulation results were the lower solids levels for present conditions, the weaker and stronger increases with increasing radiation and atmospheric condition, respectively (Tables 2 and 3 ). In water stress condition, production from simulation model had a slightly lower temperature optimum than present temperatures, considerably increased with increases in amount of precipitation, atmospheric condition, and vapor pressure, and decreased with an increase in wind speed (Mazaheri et al., 2005; Stastana and Dufkova, 2008) . These results correspond well with the sensitivity of tuber solids to temperature in simulation model, which calculated maximum level of tuber solids at the present temperatures.
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